OBJECTIVES: Lower mini-sternotomy represents a minimally invasive surgical technique that has been utilized for the repair of a wide variety of congenital heart defects with excellent surgical and cosmetic outcomes. However, clinical improvements provided for this technique beyond cosmetic results are controversial. The aim of our study is to report our results with lower mini-sternotomy for the repair of congenital heart malformations and compare them with a matched group with a full median sternotomy approach.
INTRODUCTION
Classically, full median sternotomy has been the technique of choice for the repair of congenital and structural heart defects. However, the improvements in cardiopulmonary bypass and myocardial protection as well as the increasing requests for cosmetic results resulted in a renewed interest for minimally invasive approaches in cardiovascular surgery.
Among minimally invasive approaches, lower mini-sternotomy (LMS) was adopted in the early 1990s by different surgical groups. Initial results demonstrated that LMS was safe and provided equivalent results to conventional approaches [1, 2] . Initial results facilitated wide adoption of this technique and extension to more complex heart disease, such as atrioventricular defects, tetralogy of Fallot, mitral defects and other acquired heart disease [3] [4] [5] .
In the literature, the most consistent improvement of this technique over conventional full median sternotomy (FMS) is the improved cosmetic results [1] [2] [3] [4] [5] [6] [7] . Different studies have reported improved outcomes of this approach compared with full sternotomy in terms of hospital stay, costs, blood transfusion reduction and postoperative pain [1, [7] [8] [9] . Moreover, LMS provides other theoretical advantages over other minimally invasive approaches. Actually, LMS does not require any different surgical equipment and, thus, does not increase costs. Moreover, it provides a 'common' surgical field with regular cannulation and an ideal myocardial protection [6] . However, comparison of LMS with FMS is not common in the literature and yields controversial results [7, 8, 10] .
The aim of this study is to communicate our experience with LMS in more than 100 consecutive patients with congenital heart disease and compare them with another matched cohort undergoing FMS.
PATIENTS AND METHODS
All patients who underwent a surgical correction through lower mini-sternotomy between January 2010 and December 2013 were retrospectively included in our study (Group 1). Each patient was matched with a control subject selected from the pool of patients in our databases who had the exact same gender, diagnosis and surgical procedure performed. Then, within the group of prospects, the patient with the closest age at repair was selected as the match (Group 2). For the matching, we conducted a search in our institutional database back to 2007.
Both groups were managed following the same in-hospital and follow-up protocols.
Our LMS approach as well as cosmetic results and patient satisfaction have been previously reported [11] [12] [13] . In summary, we perform LMS as follows. A skin incision is carried out from the xiphoid process to the inter-nipple line in children or 2 cm above this line in adult patients. The sternum is opened from the xiphoid appendix up to the level of the skin incision, without any lateral extension. We use the usual sternum retractor and another Bookwalter retractor in the cephalic region. Central cannulation, low hypothermic cardiopulmonary bypass with aortic cross-clamp and anterograde cardioplegia was undertaken in all patients. The surgical field is flooded with carbon dioxide on a routine basis and intraoperative transoesophageal echocardiography is performed.
Demographic characteristics are presented in Table 1 . In both groups, intraoperative variables (cardiopulmonary bypass and cross-clamp times) were recorded. We also recorded the type and number of blood transfusions (platelets, fresh frozen plasma and red cells). It is our routine practice to prime the cardiopulmonary bypass circuit with red cells in patients weighing less than 12 kg. These transfusions were not included in the statistical analysis.
We also evaluated extubation time, considering an early extubation when mechanical ventilation lasted for less than 8 h postoperatively. We recorded other postoperative variables such as: (i) reoperation for bleeding, defined as the need of a surgical revision due to bleeding or cardiac tamponade; (ii) atrial fibrillation when this arrhythmia developed during the postoperative course; (iii) pericardial effusion, defined as an echo-free pericardial space of 10 mm or more, following the criteria of Weitzman [14] ; (iv) pleural effusion, categorized as blunting of any of the costophrenic angles on the postero-anterior chest X-ray; (v) renal failure, when postoperative creatinine levels were higher than 2.2 mg/dl; (vi) respiratory failure, when PO 2 was lower than 60 mmHg; (vii) deep wound infection/ mediastinitis, defined as infection affecting the bone whether or not bone dehiscence was present; (viii) cerebrovascular accident, when a permanent neurological defect developed after surgery.
Intensive care unit and in-hospital lengths of stay were recorded. On follow-up, we studied clinical status, need for reintervention and any significant residual defect observed on the echocardiogram.
Regarding the statistical analysis, a descriptive study on all variables was carried out. For quantitative variables, median, mean, standard deviation and range were calculated and compared by means of a Student's t-test. Qualitative variables were given in frequencies and percentages and comparisons done with an asymptotic Wilcoxon signed-rank test.
A P value of <0.05 was considered significant. The statistical analysis and graphs were done with the R software version 3.1.2 [15] .
RESULTS
No patient died in our series either in-hospital or during follow-up. In Group 1, surgical techniques utilized were atrial septal defect (ASD) closure (n = 62), ventricular septal defect (VSD) closure (n = 24), atrioventricular (AV) canal repair (n = 9), sinus venosus ASD closure (n = 4), ASD closure plus tricuspid valvuloplasty with a prosthetic ring (n = 4). Characteristics of the matched groups are presented in Table 1 .
Early in our experience, 2 adult patients with ASD required conversion to FMS due to complex cannulation manoeuvres. Both cases underwent successful ASD closure and were discharged home with no complications. These 2 patients are not included in the final statistical analysis. Cardiopulmonary bypass and cross-clamp times were significantly longer in Group 1 with respect to Group 2 (Figs 1 and 2) . Transfusion of any blood products was carried out in 17 patients in each group. Early extubation was more frequently accomplished in Group 1 (99 vs 88 patients, P = 0.018).
We found the following postoperative complications between patients in Group 1 and 2, respectively, reoperation for bleeding (0 vs 2), development of atrial fibrillation (4 vs 2), pleural effusion (4 vs 13), pericardial effusion (1 vs 6), respiratory failure (7 vs 9) and renal failure (0 vs 1). No patient had atrial fibrillation or renal failure preoperatively. Deep wound infection or mediastinitis, complete AV block or cerebrovascular accident did not occur in any patient. All patients who developed atrial fibrillation were adults. Interestingly, development of at least one recorded postoperative complication was significantly more common in Group 2 (P = 0.034). The only isolated complication that was significantly more common in Group 2 was the development of pleural effusion (P = 0.012).
With respect to ICU or in-hospital stay, we found no differences between groups. In-hospital variables are depicted in Table 2 .
For a mean follow-up of 1.5 years in Group 1 and 3.2 in Group 2, all patients were alive and asymptomatic. One patient from each group required reintervention for removal of a sternal wire. No further reinterventions/reoperations were performed. On the follow-up echocardiogram, no patient presented with significant residual lesions.
DISCUSSION
LMS constitutes a well-known approach for the repair of congenital heart defects. However, advantages of this technique compared with FMS beyond cosmetic outcomes are controversial. We present a cohort of 103 patients with congenital heart disease undergoing cardiac repair through LMS from January 2010 to December 2013 at our institution. No mortality or significant morbidity were found in-hospital or during follow-up. Compared with a matched group, patients who had an LMS required longer operative times but had a higher early extubation rate and less postoperative complications.
Different publications have addressed the feasibility of LMS for the repair of congenital as well as structural heart defects [16] . However, studies comparing this technique with respect to FMS approach are rare. Luo et al. reported a randomized and prospective series of 100 patients with septal defects undergoing repair through LMS (n = 50) or FMS (n = 50). They observed that surgical outcomes were similar between groups but patients with LMS had less blood drainage during the first postoperative day (although without significant decrease in the number of transfusions), and had shorter in-hospital stay and improved cosmetic outcomes with longer operative times [8] . Similarly, we found no difference in the number of transfusions except for prolonged cardiopulmonary bypass and cross-clamp times in the LMS group. The issue of increasing surgical times with minimally invasive surgery is controversial in the literature, not only with the LMS but also with other approaches [17] [18] [19] [20] . This has been attributed to the 'smaller' surgical field which requires a learning curve and different cannulation techniques. Actually, in patients with very dilated right-heart chambers, we usually go on-pump with a straight venous cannula inserted through the right atrial appendage and empty the heart, which facilitates inferior vein cava cannulation and avoids direct cannulation of the superior vena cava. In our series, increased operative times are a fact in patients undergoing repair through LMS. However, they had excellent surgical outcomes with no increase in perioperative morbidity.
The most common advantage of LMS over FMS reported in the literature is the cosmetic outcome. Reduction in postoperative pain, in-hospital stay and time to return to usual activities has also been consistently communicated. Similarly, we have previously published an improvement in cosmetic outcomes as well as patients' satisfaction after LMS [11] . Karthekeyan et al. reported a group of 53 patients with ASDs who underwent surgery with LMS and observed that sternal reconstruction was very stable and painless and, thus, facilitated fast-track extubation and discharge. However, the group from Boston found no significant differences in terms of pain, emesis, pain drug requirements, respiratory rate, recovery or in-hospital stay in a group of 17 children undergoing LMS for ASD repair and compared with a group of 18 children having FMS [7] . To this group, the cosmetic outcome was the only advantage of this approach. However, this prospective and randomized study was done in a small group of patients with the least complex defect. In our study, we had a much larger series and included patients with VSDs and AV canal defects and adults. Actually, 23.3% of our patients had VSDs, 8.7% AV canals and 21.3% were adults. Interestingly, 96% of patients with an LMS who had early extubation, compared with 85% of patients who had an FMS. Moreover, when we compare postoperative complications, patients with an LMS had a lower incidence of all postoperative complications, except for atrial fibrillation.
CONCLUSIONS
LMS provides excellent surgical outcomes and constitutes a safe approach for the repair of some congenital heart defects in paediatric as well as adult patients. In our experience, LMS requires longer cardiopulmonary bypass and cross-clamp times than conventional FMS, but without increasing morbidity in these populations. Moreover, in our series, patients who had an LMS showed a higher early extubation rate and lower postoperative complications than those undergoing FMS. LMS represents our technique of choice for septal defects and with increasing experience could be applied to any form of surgery performed through a right atriotomy.
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